Paracycling racing events include road races and time trials (TT) both at the World Championships and at the Paralympic Games. Paracycling has been a Paralympic sport since 1988, and it will schedule 50 medal events in the 2012 London Paralympic Games program. Paracyclists are classified according to the extent of activity limitation resulting from their impairment, and, according to the Union Cycliste Internationale rules, unilateral lower limb amputees (LLAs) are categorized in cycling class C2.
Studies on LLAs have shown that their lifestyle is less dynamic than that of a nonamputee control group 1 and more sedentary than before amputation. 2 In fact, before amputation their most frequent leisure activities were dynamic (eg, cycling, team ball games), while after amputation they became sedentary (eg, reading, watching television). Inactivity has been indicated as a risk factor for cardiovascular disease in an amputee population. 3 It has been shown that LLAs have increased risk and mortality rates for cardiovascular diseases. 4, 5 The physical fitness of LLAs has been found lower than that of able-bodied subjects. 6 However, 1-leg cycling endurance training has been shown to be useful in improving LLA's physical fitness. [6] [7] [8] Chin et al 6 also suggested that the enhancement in fitness seems to be relevant to functional outcomes (ie, prosthetic ambulatory capacity). Moreover, participation in physical activity and sports provides benefits to disabled people from a physiological, psychological, and social point of view. [9] [10] [11] [12] Due to the positive effect of physical activity and sport participation for LLAs, researchers have focused on training exercises [6] [7] [8] and on laboratory testing protocols. 13, 14 To date, no studies have described the physiological characteristics of LLA cyclists or their cycling performance.
We had the unique opportunity to test a top-level LLA cyclist at the peak of his outstanding cycling career. The first aim of this study was to describe the subject's physical fitness, measured in a laboratory environment. The second aim was to provide an insight into the exercise intensities sustained during international TT races, using direct power-output (PO) and heart-rate (HR) measurements. The knowledge of the physiological demands of these cycling events could be useful for specific training development.
It is noteworthy, from an exercise management viewpoint, that cancer amputees are classified by ACSM in the nonvascular group (together with trauma and warrelated amputees), 15 . The TTs were meanly 18 ± 4.5 km in length, and the mean PO was 248 ± 8 W with a cadence of 92 ± 1 rpm. During the TTs, the cyclist spent 23% ± 9% of total time at VT 2 , 59% ± 10% below, and 18% ± 5% above this intensity. Conclusions: The subject's relative VO 2peak is higher than previously published data on LLA, and surprisingly it is even higher than "good" ACSM normative data for nondisabled people. The intensity of the races was found to be similar to cycling TTs of the same duration in elite female cyclists. These results might be useful to develop specific training schedules and enhance performance of LLA cyclists.
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Methods
The subject is a male cancer survivor (40 y old, 1.73 m, and 55.0 kg), diagnosed with osteosarcoma at the age of 13. During the 3 years that followed the diagnosis, he had 20 chemotherapy cycles and 17 surgeries, ending with a transfemoral amputation and a lung lobectomy due to metastasis. Since then he has been competing internationally in 3 different sports as an LLA, and at the time of the study, he was paracycling TT World Champion. His clinical and sport histories are described in detail in Table 1 . The subject provided written informed consent to participate in this study, which was approved by the institutional review board in the spirit of the Helsinki Declaration. The current research is a laboratory and field descriptive case study.
The subject performed 2 evaluation sessions during the competitive season, and the only data that are reported are those related to the test in which he reached the highest peak oxygen uptake (VO 2peak ). 16, 17 He was asked not to eat within 3 hours of testing or to drink beverages containing caffeine for at least 8 hours before testing and to avoid intense exercise for 24 hours before testing. The laboratory evaluations were completed in controlled environmental conditions (20-23°C, 40-70% relative humidity) on the subject's racing bicycle with the rear wheel braked by a custom-made Monark-type pendulum system. After a 15-minute warm-up at 75 W, the maximal incremental test to determine VO 2peak and peak PO (PPO) started, and resistance was augmented by 25 W every 30 seconds until volitional exhaustion. The cyclist was instructed to ride at a constant cadence freely chosen between 85 and 100 rpm throughout the test. When the last workload was not completed, the PPO was calculated using the formula of Kuipers et al 18 :
in which W L is the value of the last complete workload (W), t is the time the last workload was maintained (s), d is the duration of each workload (60 s), and W WL is the PO difference between the workloads (25 W).
PO data were collected at 1 Hz through a dynamically calibrated SRM crank set mounted on the subject's bike, which has also been used during competitions (SRM Training System, Jülich, Germany). The power meters were "zeroed" by the athlete, in accordance with the manufacturer's instructions, before the start of each test and race. Respiratory parameters were measured using a breath-by-breath automated gas-analysis system (VMAX29, Sensormedics, Yorba Linda, CA). Achievement of VO 2peak was considered the attainment of at least 2 of the following criteria: a plateau in VO 2 with increasing power output (<80 mL · kg -1 · min -1 ), a respiratoryexchange ratio above 1.10, or a heart rate ±10 beats/ min of age-predicted maximum (220 -age). 19 The ventilatory threshold (VT 2 ) was identified by experienced technicians, 20 and the workload corresponding to VT 2 ± 10 W was used as the VT 2 range. Based on the VT 2 established in the laboratory evaluation, 3 PO ranges were described: <VT 2 , VT 2 , and >VT 2 . The maximal HR was reported both in laboratory and in field conditions (Polar T31 transmitter, Polar Electro Oy, Kempele, Finland). Moreover, the subject was evaluated for total hemoglobin mass (Hb-mass), which was measured with the CO-rebreathing method. 21 Race data were collected during 4 international TTs, part of the 2010 Union Cycliste Internationale paracycling calendar. PO, HR, cadence, speed, distance, and altitude were continuously measured during races. Race data were analyzed using the open source Golden Cheetah software (http://www.goldencheetah.org). Data are presented as absolute (W) and relative (W/kg) values. The percentage of total time spent below, at, and above the VT 2 range has been reported. Moreover, race POs were analyzed and presented as a set of maximal mean power (MMP) data 22 for time periods of 5, 15, 30, 60, 240, 300, and 600 seconds. Data of 4 races were analyzed, and only the highest MMP for each of the assessed durations is reported. 23 Data are reported as means (± SD) unless otherwise specified.
Results
The absolute and relative VO 2peak were 3.372 L/min and 61.3 mL • kg -1 • min -1 , respectively. The PPO reached in the incremental maximal test was 315 W (5.7 W/kg), and the PO at VT 2 was 255 W (4.6 W/kg). The maximal HR in laboratory condition was 208 beats/min, while during races it was recorded at 206 beats/min. The Hb-mass was 744 g (13.5 g/kg).
Descriptive data (eg, cadence, speed) collected during the races are summarized in Table 2 . During the 4 TTs, the subject spent meanly 59% ± 10%, 23% ± 9%, and 18% ± 5% of the total time below, at, and above the VT 2 range, respectively.
MMPs for periods of 5, 15, 30, 60, 240, 300, and 600 seconds were 450, 415, 387, 371, 290, 285, and 271 W. The relative MMP for each period is shown in Figure 1 . 
Discussion
This case study describes for the first time the physical fitness of a top-level LLA cyclist, and it shows the paracycling TT race demands through field data collected during competitions.
As for the first aim, the main finding is that the subject's relative VO 2peak is considerably higher than other data previously published on LLAs. Chin et al 6 reported a VO 2max of 20 mL • kg -1 • min -1 in 51 LLAs 13 and a value of 25 mL • kg -1 • min -1 after 6 weeks of training. Pitetti et al 8 showed values of 29 mL • kg -1 • min -1 after aerobicconditioning training based on the ACSM guidelines. From an exercise management viewpoint our subject's outstanding values could represent a peak reference value for all nonvascular (ie, cancer, trauma, and war-related) LLAs. His VO 2peak is even higher than the ACSM normative "good" values for age-matched able-bodied people (about 45 mL • kg -1 • min -1 ). 24 Concerning other descriptive physiological data, the cyclist's maximal HR was noticeably higher (Δ 28 beats/ min) than the expected value for age-matched people, as the 220 -age formula has been previously used even in LLA. 8, 25 The subject's relative Hb-mass was similar to values of competitive endurance athletes (13.8 ± 0.9 g/ kg). 26 In regard to the TT race demands, Table 2 shows that mean PO decreases as the duration of the TT increases. The cadence was similar among the different competitions, at values similar to the one freely chosen by elite cyclists. 27 To the best of our knowledge, there are no published data of PO measured during professional male TT competitions. Thus, concerning the exercise-intensity distribution, in our opinion the only comparison possible is with the data published by Abbiss et al 28 ; in fact, duration and length of the TT described for the elite female cyclists were similar to those of the LLA World Championship described in this study (24.2 km, 34.5 min and 22.7 km, 36.0 min, respectively). The female cyclists spent, respectively, about 60%, 20%, and 20% of the total race time below, at, and above VT 2 . Similarly, during the TT World Championship our subject spent about 65%, 15%, and 20% of the race time at those intensities.
Due to the lack of research on TT PO, there are no data on MMP recorded during such competitions. Thus, in Figure 1 the relative MMP of the subject is compared with the ones previously published on road races by women cyclists of the Australian national team 22 and experienced male cyclists. 23 It is remarkable how the differences among diverse categories of cyclists (ie, LLA cyclists, female and male cyclists) change in relation to the duration of efforts. Indeed, for very short effort of 5 seconds, the MMP of the LLA cyclist is about 50% and 33% less than the ones sustainable by male and female cyclists, respectively. This important issue could be explained by the amputation itself. In able-bodied cyclists the PO during short sprints have been shown to be highly correlated to lower limb and thigh muscle volumes, 29 so in an LLA cyclist a limited PO is likely for very short effort. Due to the lack of research on LLA cyclists, it is not possible to know whether the matter is related more to torque or to cadence (eg, half the number of strokes for identical cadences).
The gap in the MMP decreases while the time increases. From the time of 60 seconds onward, the difference from female cyclists becomes smaller than 5% and from male cyclists becomes smaller than 10% for the time period of 240 seconds and longer. In this regard, the smaller differences in MMP for the longest (hence, more aerobic) periods could be explained by the closer aerobic-fitness levels presented. In fact, the subject has a VO 2peak of 61.3 mL • kg -1 • min -1 , and the female and male cyclists presented in Figure 1 showed VO 2max of 63.6 and 72.7 mL • kg -1 • min -1 , respectively.
Practical Applications
The physiological parameters shown in this research should represent reference data for LLA cyclists aspiring to perform at high level. In addition, they could serve as peak reference data for all nonvascular LLA. Moreover, the original observation presented in this study should be taken into account by professionals, coaches, researchers, and anybody who works with LLA cyclists and cycling in general.
Conclusions
In conclusion, these data prove that the physical fitness of a transfemoral amputee trained cyclist can exceed that of age-matched able-bodied people. Furthermore, LLA cyclists may sustain aerobic-exercise intensities (ie, time spent above, at, or below VT 2 ) very similar to those of able-bodied cyclists.
